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Despite it successes, quantum mechanics (QM) has remained mysterious to all who have 
encountered it. Starting with Bohr and progressing into the present, the departure from intuitive, 
physical reality has widened. The connection between quantum mechanics and reality is more 
than just a ''philosophical" issue. It reveals that quantum mechanics is not a correct or complete 
theory of the physical world and that inescapable internal inconsistencies and incongruities with 
physical observation arise when attempts are made to treat it as a physical as opposed to a 
purely mathematical ''tool." Some of these issues are discussed in a review by Laloe [F. Laloe, 
Do we really understand quantum mechanics? Strange correlations, paradoxes, and theorems, Am. 
J. Phys. 69 (6), June 2001, 655-701], In an attempt to provide some physical insight into atomic 
problems and starting with the same essential physics as Bohr of e~ moving in the Coulombic 
field of the proton and the wave equation as modified by Schrodinger, a classical approach is 
explored which yields a model w-hich is remarkably accurate and provides insight into physics on 
the atomic level. The proverbial view deeply seated in the wave-particle duality notion that there 
is no large-scale physical counterpart to the nature of the electron may not be correct. Physical 
laws and intuition may be restored when dealing with the wave equation and quantum mechanical 
problems. Specifically, a theory of classical quantum mechanics (CQM) is derived from first 
principles that successfully applies physical laws on all scales. Using Maxwell's equations, the 
classical wave equation is solved with the constraint that a bound electron cannot radiate energy. 
By further application of Maxwell's equations to electromagnetic and gravitational fields at 
particle production, the Schwarzschild metric (SM) is derived from the classical wave equation 
which modifies general relativity to include conservation of spacetime in addition to momentum 
and matter/energy. The result gives a natural relationship between Maxwell's equations, special 
relativity, and general relativity. CQM holds over a scale of spacetime of 85 orders of 
magnitude — it correctly predicts the nature of the universe from the scale of the quarks to that of 
the cosmos. 
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1. IM RODUCTION 

The hydrogen atom is the only real problem for which the Schrodinger equation can be 
solved without approximations; however, it only provides three quantum numbers - not four, and 
inescapable disagreements between observation and predictions arise from the later postulated 
Dirac equation as well as the Schrodinger equation [1-3]. Furthermore, unlike physical laws such 
as Max weir s equations, it is always disconcerting to those that study quantum mechanics that 
both must be accepted without any underlying physical basis for fundamental observables such 
as the stability of the hydrogen atom in the first place. In this instance, a circular argument 
regarding deHnitions for parameters in the wave equation solutions and the Rydberg series of 
spectral lines replaces a First-principles-based prediction of those lines [1-3]. Nevertheless, the 
application of the Schrodinger equation to real problems has provided useful approximations for 
physicists and chemists. Schrodinger interpreted eH' (x)'¥{x) as the charge-density or the 
amount of charge between x and x-hdx is the complex conjugate of T)- Presumably, 

then, he pictured the electron to be spread over large regions of space. Three years after 
Schrodinger' s interpretation, Max Born, who was working with scattering theory, found that this 
interpretation led to inconsistencies and he replaced the Schrodinger interpretation with the 
probability of finding the electron between x and x + dx as 

Born's interpretation is generally accepted. Nonetheless, interpretation of the wave function is a 
never-ending source of confusion and conflict. Many scientists have solved this problem by 
conveniently adopting the Schrodinger interpretation for some problems and the Born 
interpretation for others. This duality allows the electron to be everywhere at one time— yet 
have no volume. Alternatively, the electron can be viewed as a discrete particle that moves here 
and there (from r = 0 to r = oo), and * gives the time average of this motion. Despite its 
successes, after decades of futility, QM and the intrinsic Heisenberg Uncertainty Principle have 
not yielded a unified theory, are still purely mathematical, and have yet to be shown to be based 
in reality [3]. Both are based on circular arguments that the electron is a point with no volume 
with a vague probability wave requiring that the electron have multiple poshions and energies 
including negative and infinite energies simultaneously. It may be time to revisit the 75 year old 
notion that fundamental particles such as the electron are one or zero dimensional and obey 
different physical laws than objects comprised of fundamental particles and the even more 
disturbing view that fundamental particles don't obey physical laws— rather they obey 
mathematics devoid of physical laws. Perhaps mathematics does not determine physics. It only 
models physics. 
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The Schxodinger equation was originally postulated in 1926 as having a solution of the 
one electron atom. It gives the principal energy levels of the hydrogen atom as eigenvalues of 
eigenfunction solutions of the Laguerre differential equation. But, as the principal quantum 
number n»l. the eigenfunctions become nonsensical. Despite its wide acceptance, on deeper 
inspection, the Schrodinger equation solution is plagued with many failings as well as difficulties 
in terms of a physical interpretation that have caused it to remain controversial since its 
inception. Only the one electron atom may be solved without approximations, but it fails to 
predict electron spin and leads to models with nonsensical consequences such as negative energy 
states of the vacuum, infinities, and negative kinetic energy. In addition to many predictions, 
which simply do not agree with observations, the Schrodinger equation and succeeding extensions 
predict noncausality, nonlocalit^, spooky actions at a distance or quantum telepathy, perpetual 
motion, and many internal inconsistencies where contradicting statements have to be taken true 
simultaneously [1-3]. 

It was reported previously [3] that the behavior of free electrons in superfluid helium has 
again forced the issue of the meaning of the wavefimction. Electrons form bubbles in superfluid 
helium which reveal that the electron is real and that a physical interpretation of the 
wavefunction is necessar)'. Furthermore, when irradiated with light of energy of about a 0.5 to 
several electron volts [4], the electrons carry current at different rates as if they exist with 
different sizes. It has been proposed that the behavior of free electrons in superfluid helium can 
be explained in tenns of the electron breaking into pieces at superfluid helium temperatures [4]. 
Yet, the electron has proven to be indivisible even under particle accelerator collisions at 90 GeV 
(LEPIl). The nature of the wavefunction need to be addressed. It is time for the physical rather 
than the mathematical nature of the wavefunction to be determined. 

From the time of its inception, quantum mechanics (QM) has been controversial because 
its foundations are in conflict with physical laws and are internally inconsistent. Interpretations 
of quantum mechanics such as hidden variables, multiple worlds, consistency rules, and 
spontaneous collapse have been put forward in an attempt to base the theory in reality. 
Unfortunately many theoreticians ignore the requirement that the wave function must be real and 
physical in order for it to be considered a valid description of reality. For example, regarding this 
issue Fuchs and Peres believe [5] '^Contrary to those desires, quantum theory does not describe 
physical reality. What it does is provide an algorithm for computing probabilities for 
macroscopic events ("detector ticks") that are the consequences of our experimental 
interventions. This strict definition of the scope of quantum theory is the only interpretation 
ever needed, whether by experimenters or theorists". 

With Penning traps, it is possible to measure transitions including those with hyperfme 
levels of electrons of single ions. This case can be experimentally distinguished from statistics 
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over equivalent transitions in many ions. Whether many or one, the transition energies are 
always identical within the resonant line width. So, probabilities have no place in describing 
atomic energy levels. Moreover, quantum theor}'' is incompatible with probability theory^ since it 
is based on underlying unknown, but detemiined outcomes as discussed previously [3]. 

The Copenhagen interpretation provides another meaning of quantum mechanics. It 
asserts that what we observe is all W'-e can know; any speculation about what an electron, photon, 
atom, or other atomic-sized entity is really is or what it is doing when we are not looking is just 
that--speculation. The postulate of quantum measurement asserts that the process of measuring 
an observable forces it into a state of reality. In other words, reality is irrelevant until a 
measurement is made. In the case of electrons in helium, the fallacy with this position is that the 
"ticks" (migration times of electron bubbles) reveal that the electron is real before a measurement 
is made. Furthermore, experiments on transitions on single ions such as in a Penning trap 
under continuous observation demonstrate that the postulate of quantum measurement of 
quantum mechanics is experimentally disproved as discussed previously [3]. These issues and 
other such flawed philosophies and interpretations of experiments that arise from quantum 
mechanics were discussed previously [1-3]. 

QM gives correlations with experimental data. It does not explain the mechanism for the 
observed data. But, it should not be surprising that it gives good correlations given that the 
constraints of internal consistency and conformance to physical laws are removed for a wave 
equation with an infinite number of solutions wherein the solutions may be formulated as an 
infinite series of eigenfunctions with variable parameters. There are no physical constraints on 
the parameters. They may even correspond to unobservables such as virtual particles, 
hyperdimensions, effective nuclear charge, polarization of the vacuum, worm holes, spooky 
action at a distance, infinities, parallel universes, faster than light travel, etc. If you invoke the 
constraints of internal consistency and conformance to physical laws, quantum mechanics has 
never successfully solved a physical problem. 

Throughout the history of quantum theory; wherever there was an advance to a new- 
application, it was necessary to repeat a trial-and -error experimentation to find which method of 
calculation gave the right answers. Often the textbooks present only the successful procedure as 
if it followed from first principles; and do not mention the actual method by which it was found. 
In electromagnetic theory based on MaxwelKs equations, one deduces the computational 
algorithm from the general principles. In quantum theory, the logic is just the opposite. One 
chooses the principle to fit the empirically successful algorithm. For example, we know that it 
required a great deal of art and tact over decades of effort to get correct predictions out of 
Quantum Electrodynamics (QED). For the right experimental numbers to emerge, one must do 
the calculation (i.e. subtract off the infinities) in one particular way and not in some other way 
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that appears in principle equally valid. There is a corollary, noted by Kallen: from an 
inconsistent theory, any result may be derived. 

Reanalysis of old experiments and many new experiments including electrons in 
superfluid helium challenge the Schrodinger equation predictions. Many noted physicists 
rejected quantum mechanics. Feyiiman also attempted to use first principles including MaxwelTs 
Equations to discover new physics to replace quantum mechanics [6]. Other great physicists of 
the 20th century searched. ''Einstein [...] insisted [.,.] that a more detailed, wholly deterministic 
theory must underlie the vagaries of quantum mechanics'' [7J. He felt that scientists weic 
misinterpreting the data. These issues and the results of many experiments such as the wave- 
particle duality, the Lamb shift, anomalous magnetic moment of the electron, transition and decay 
lifetimes, experiments invoking interpretations of spooky action at a distance such as the Aspect 
experiment, entanglement, and double-sHt-type experiments are shown to be absolutely 
predictable and physical in the context of a theory of classical quantum mechanics (CQM) 
derived from First principles [1-3]. Using the classical wave equation with the constraint of 
nonradiation based on Maxwell's equations, CQM gives closed form physical solutions for the 
electron in atoms, the free electron, and the free electron in superfluid helium which match the 
observations without requiring that the electron is divisible. Moreover, unification of atomic and 
large scale physics the ultimate objective of natural theory is enabled. CQM holds over a scale of 
spacetime of 85 orders of magnitude — it correctly predicts the nature of the universe from the 
scale of the quarks to that of the cosmos. 

2. CLASSICAL QUANTUM THEORY OF THE ATOM BASED ON MAXWELL^S 
EQUATIONS THAT HOLDS OVER ALL SCALES 

In this paper, the old view that the electron is a zero or one-dimensional point in an all-space 
probability wave function Y(.r) is not taken for granted. The theory of classical quantum 
mechanics (CQM), derived from first principles, must successfully and consistently apply 
physical laws on all scales [1-3J. Historically, the point at which QM broke with classical laws 
can be traced to the issue of nonradiation of the one electron atom that was addressed by Bohr 
with a postulate of stable orbits in defiance of the physics represented by Maxwell's equations 
[1-3]. Later physics was replaced by "pure mathematics" based on the notion of the inexplicable 
wave-particle duality nature of electrons which lead to the Schrodinger equation wherein the 
consequences of radiation predicted by Maxwell's equations was ignored. Ironically, both BoKr 
and Schrodinger used the electrostatic Coulomb potential of MaxweH's equations, but abandoned 
the electrodynamic laws. Physical laws may indeed be the root of the observations thought to be 
"purely quantum mechanical'', and it may have been a mistake to make the assumption that 
MaxwelTs electrodynamic equations must be rejected at the atomic level. Thus, in the present 
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approach, the classical wave equation is solved with the constraint that a bound electron cannot 
radiate energy. 

Thus, herein, derivations consider the electrodynamic effects of moving charges as well as the 
Coulomb potential, and the search is for a solution representative of the electron wherein there is 
acceleration of charge motion without radiation. The mathematical formulation for zero radiation 
based on Maxwell's equations follows from a derivation by Haus [8]. The function that 
describes the motion of the electron must not possess spacetime Fourier components that are 
synchronous with waves traveling at the speed of hght. Similarly, nonradiation is demonstrated 
based on the electron's electromagnetic fields and the Poynting power vector. 

In this paper, a summary of the results of CQM [1, 9-10] is presented. Specifically, CQM 
gives closed form solutions for the atom including the stability of the n ~l state and the 
instability of the excited states, the equation of the photon and electron in excited states, the 
equation of the free electron, and photon which predict the wave particle duality behavior of 
particles and light. The current and charge density functions of the electron may be directly 
physically interpreted. For example, spin angular momentum results from the motion of 
negatively charged mass moving systematically, and the equation for angular momentum, r xp, 
can be applied directly to the wave function (a current density function) that describes the 
electron. The magnetic moment of a Bohr magneton, Stern Gerlach experiment, g factor, Lamb 
shift, resonant line width and shape, selection rules, correspondence principle, wave particle 
dualit>'', excited states, reduced mass, rotational energies, and momenta, orbital and spin splitting, 
spin-orbital coupling. Knight shift, and spin-nuclear coupling, ionization energies of two electron 
atoms, elastic electron scattering from helium atoms, and the nature of the chemical bond are 
derived in closed form equations based on Maxwell's equations. The calculations agree with 
experimental observations. 

For any kind of wave advancing with limiting velocity and capable of transmitting signals, the 
equation of front propagation is the same as the equation for the front of a light wave. By 
applying this condition to electromagnetic and gravitational fields at particle production, the 
Schwarzschild metric (SM) is derived from the classical wave equation which modifies general 
relativity to include conservation of spacetime in addition to momentum and matter/energy. The 
result gives a natural relationship betw^een Maxw'^eH's equations, special relativity, and general 
relativity. It gives gravitation from the atom to the cosmos. The universe is time harmonically 
oscillatory in matter energy and spacetime expansion and contraction with a minimum radius that 
is the gravitational radius. In closed form equations with fundamental constants only, CQM 
gives the deflection of light by stars, the precession of the perihelion of Mercur>'', the particle 
masses, the Hubble constant, the age of the universe, the observed acceleration of the expansion, 
the power of the universe, the power spectrum of the universe, the microwave background 
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temperature, ihe uniformity of the microwave background radiation at 2.7 K with the microkelvin 
spatial variation observed by the DASI, the observed violation of the GZK cutoff, the mass 
density, the large scale structure of the universe, and the identity of dark matter which matches 
the criteria for the structure of galaxies. In a special case wherein the gravitational potential 
energy density of a blackhole equals that of the Planck mass, matter converts to energy and 
spacetime expands with the release of a gamma ray burst. The singularity in the SM is 
eliminated. 



energy and angular momentum of the electron are constant; this requires that the equation of 
motion of the electron be temporally and spatially harmonic. Thus, the classical wave equation 
applies and 



where p{r,9,<pj) is the time dependent charge density function of the electron in time and space. 
In general, the wave equation has an infinite number of solutions. To arrive at the solution which 
represents the electron, a suitable boundary condition must be imposed. It is well known from 
experiments that each single atomic electron of a given isotope radiates to the same stable state. 
Thus, the physical boundary condition of nonradiation of the bound electron was imposed on the 
solution of the wave equation for the time dependent charge density function of the electron [1]. 
The condition for radiation by a moving point charge given by Haus [8] is that its spacetime 
Fourier transform does possess components that are synchronous with waves traveling at the 
speed of light. Conversely, it is proposed that the condition for nonradiation by an ensemble of 
moving point charges that comprises a current density function is 

For rion-radiative states, the current-density function must NOT possess spacetime Fourier 
components that are synchronous with waves traveling at the speed of light. 

The time, radial, and angular solutions of the wave equation are separable. The motion is time 
harmonic with frequency a>^. A constant angular function is a solution to the wave equation. 

Solutions of the Schrodinger wave equation comprising a radial function radiate according to 
Maxwell's equation as show-n previously by application of Haus' condition [1]. In fact, it was 
found that any function which permitted radial motion gave rise to radiation. A radial function 
w^hich does satisfy the boundary condition is a radial delta function 



3. OiNE-ELEC TRON ATOMS 



One-electron atoms include the hydrogen atom, He\ Lr' , Be^^ , and so on. The mass- 




(2) 
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/(r) = -ir<5(r-rj (3) 

This function defines a constant charge density on a spherical shell where =nr^, and Eq. (2) 
becomes the two-dimensional wave equation plus time with separable time and angular functions. 
Given time harmonic motion and a radial delta function, the relationship between an allowed 
radius and the electron wavelength is given by 

2nr^=X„ (4) 

Using the observed de Broglie relationship for the electron mass where the coordinates are 
spherical J 

A„=A = _A_ (5) 
and the magnitude of the velocity for every point on the orbitsphere is 

(6) 



V — 



The sum of the L., the magnitude of the angular momentum of each infinitesimal point of the 
orbitsphere of mass m^, must be constant. The constant is h. 

SlL,l-Ek^'vi-'"/n— (7) 

Thus, an electron is a spinning, Uvo-dimensional spherical surface, called an electron orbitsphere, 
that can exist in a bound state at only specified distances from the nucleus as shovsm in Figure 1 . 
The corresponding current function shown in Figure 2 which gives rise to the phenomenon of 
spin is derived in the "Spin Function" section. 

Nonconstant functions are also solutions for the angular functions. To be a harmonic solution 
of the wave equation in spherical coordinates, these angular functions must be spherical harmonic 
functions [1 1]. A zero of the spacetime Fourier transform of the product function of two 
spherical hannonic angular functions, a time harmonic function, and an unknown radial function is 
sought. The solution for the radial function which satisfies the boundary condition is also a delta 
function given by Eq. (3). Thus, bound electrons are described by a charge-density (mass- 
density) fijnction which is the product of a radial delta function, two angular functions (spherical 
harmonic fimctions), and a time hannonic function. 

p{r,e,<(>j) = f{r)A{e.(l>j)^\5{r'-r^)A{d.(pj)\ A{9.<f>,0 = Y{9,(l>)k{t) (8) 

r 

In these cases, the spherical hannonic functions conespond to a traveling charge density wave 
confined to the spherical shell which gives rise to the phenomenon of orbital angular momentum. 
The orbital functions which modulate the constant "spin" function shown graphically in Figure 3 
are given in the "Angular Functions" section. 
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4. SPIN FUNCTION 

The orbitsphere spin function comprises a constant charge (current) density function with 
moving charge confined to a tvvo-dimensional spherical shell. The current pattern of the 
orbitsphere spin function comprises an infinite series of correlated orthogonal great circle current 
loops wherein each point charge (current) density element moves time harmonically with 
constant angular velocit}' 



The current pattern is generated over the surface by a series of nested rotations of two 
orthogonal great circle current loops where the coordinate axes rotate with the two orthogonal 
great circles. Half of the pattern is generated as the z-axis rotates to the negative z-axis during a 
1st set of nested rotations. The mirror image, second half of the pattern is generated as the z-axis 
rotates back to its original direction during a 2nd set of nested rotations. 



4.1 Points Current Densit) Elements on Great Circle Current Loop One: 
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and Aa' = -Aa replaces Aa for ^Aa^-^n\ ^|Aa'l = V2;r 
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4,2 Points Current Densit) Elements on Great Circle Current Loop Two: 
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and Aa:' = -Aa replaces Aa for ^Aa = V2;r; ^|Aa'|==V27r 



n = l 
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The orhitsphere is given by reiterations of Eqs. (10) and (1 1). The output given by the non 
primed coordinates is the input of the next iteration corresponding to each successive nested 
rotation by the infinitesimal angle where the summation of the rotation about each of the x-axis 

and the y-axis is ^.Aa = V2;r (1st set) and ^|Aa'|- V2;r (2nd set). The curreat pattern 

corresponding to great circle current loop one and two shown with 8.49 degree increments of the 
infinitesimal angular variable Aa(Aa') of Eqs. (10) and (11) is shown from the perspective of 
looking along the z-axis in Figure 2. The true orbitsphere current pattern is given as Aa(Aa') 
approaches zero. This current pattern gives rise to the phenomenon corresponding to the spin 
quantum number of the electron. 

5. ANGULAR FUNCTIONS 

The time, radial, and angular solutions of the wave equation are separable. Also based on the 
radial soliition/the angular charge and current-density functions of the electron, A{0,<pj), must 
be a solution of the wave equation in two dimensions (plus time). 



A{6,<p,t) = 0 (12) 



\yh^x^p{r,e,<l>,t) = f{r)A{0,<}>,t) = ^5{r- r„)A{e,^j) and A{e,<l>,t) = Y{e,<P)k{t) 

r 



d ( . 1 



sin0— + 



.2 :3.2 



d(l> V dt J 

where v is the linear velocity of the electron. The charge-density functions including the time- 
function factor are 

Jl =0 

p(r, e, 0,0 = -^[«5(r - rJ][Y:{e,(P) + y°(0, <!>)] (14) 

p(r.6),0,/) = ^[<5(r-/-„)][r°(0,0) + Re{y;(0.0)[l+^'"^']}] (15) 

Re{Y;{e,(l))[l + e""'']] = Re\Y;{e,0) + Y;{9,(l>)e"'''] = P,"(cos6>)cosm0 + P,"(cos0)cos(/7!«) i-coj) 
and co„ - 0 for m = 0. 



10 





6. ACCELERATION \VH HOliT RADIATION 

6.1 Nonradiation Based on Hans' Condition 

The Fourier transform of the electron charge density function gi ven by Eq. (8) is a solution of 
the three-dimensional wave equation in frequency space {k,co space). Then the corresponding 
Fourier transform of the current density function K(s,Q,^,co) is given by multiplying by the 
constant angular frequency. 



s •v =s oc-co implies r = A Spacetime harmonics of — - = k or — ^ J- — = k for which 



the Fourier transform of the current-density function is nonzero do not exist. Radiation due to 
charge motion does not occur in any medium when this boundary condition is met. 
(Nonradiation is also determined from the fields based on Maxwell's equations [1].) 

6.2 Nonradiation Based on the Electron Electromagnetic Fields and the Poynting 
Power Vector 

A point charge undergoing periodic motion accelerates and as a consequence radiates 
according to the Larmor fomiula: 



where e is the charge, a is its acceleration, is the permittivity of free space, and c is the 
speed of light. Although an accelerated point particle radiates, an extended distribution modeled 
as a superposition of accelerating charges does not have to radiate. An ensemble of charges, all 
oscillating at the same frequency, create a radiation pattern with a number of nodes. The same 
applies to current patterns Ln phased array antenna design [12]. It is possible to have an infinite 
number of charges oscillating in such as way as to cause destructive interference or nodes in all 
directions. In order to obtain the condition, if it exists, that the electron current distribution given 
by Eq. (25) must satisfy such that the electron does not radiate, the electromagnetic far field is 
determined from the current distribution. The vector potential in the Lorentz gauge satisfies 




-2u 



(16) 



(18) 
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where i^i^ is the permeability of free space, co is the angular frequency of the time harmonic 
electron motion, J is the current of the electron, and A is the vector potential given by 

.„0 = |^jJ^±^V ■ (,9) 

where the coordinates are shown in Figure 4. The magnetic field is given by 

Vx A (20) 

The electric field is given by 

E--^VxH (21) 

The power density S(/) is given by 

S(r) - E X H (22) 
The charge density functions of the electron orbitsphere in spherical coordinates plus 
time are given by Eqs. (14-15). For A = 0, the equipotential, uniform or constant charge density 
function (Eq. (14)) further comprises a current pattern given in the Spin Function section. It also 
corresponds to the nonradiative n^\, P = 0 state of atomic hydrogen and to the spin function of 
the electron. The current density function is given by multiplying Eq. (14) by the constant 
angular velocity co. There is acceleration without radiation, hi this case, centripetal acceleration. 
A static charge distribution exists even though each point on the surface is accelerating along a 
great circle. Haus' condition predicts no radiation for the entire ensemble. The same result is 
trivially predicted from consideration of the fields and the radiated power. Since the current is 
not time dependent, the fields are given by 

VxH-J (23) 

and 

V X E - 0 (24) 
which are the electrostatic and magnetostatic cases, respectively, with no radiation. Also see 
Daboul and Jensen [13]. 

The nonradiation condition given by Eq. (16) may be confinned by determining the fields 
and the current distribution condition that is nonradiative based on Maxwell's equations. For X 
i- 0, the charge-density functions including the time-function factor are given by Eqs. (15). In the 
cases that m-^^, Eq. (15) is a traveling charge density wave that moves on the surface of the 
orbitsphere about the z-axis and modulates the orbitsphere corresponding to Jl = 0. Since the 
charge is moving time harmonically about the z-axis wath frequency co^ and the current-density 

function is given by the time derivative of the charge-density function, the current-density 
fimction is given by the normalized product of the constant angular velocity anU the charge- 
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density function. The Tirst current term of Eq. (15) is static. Thus, it is trivially nonradiative. 
ITie current due to the time dependent term is 

4nr' ^ ^ 

-C0^~^ N[d(r - )] Re { Y; (0, <l>) -f- (0, }^ 

4'^'" * (25) 

= CO N[5{r~ )]( pp (cos 0) cos m <t> -f- (cos 0)e'" V'"^^ 
47vr ^ 

= co^ — ^ N[5{r - /;)](P,"(cos£))cos/?20 + P"(cos0)cos(w0 -h coj))^ 
where /V is the normalization constant. Let /; = /? in Eq. (15). Using the coordinate designation 
shown in Figure 4, the vector potential due to the time dependent term is given by 

\(r,t) = e^m^^^ \ f f VpiO,^)—, r-" x ? <5('- " RV' s\nedrdOd<i> (26) 

^ ' ^ 2n 2/?' 471 {{{ ^ |r-ri 

^ ' ^ 2;r 2/?^ 4;r {{{ '|r-r'| 

where denotes the unit vectors u = ;^, and the current function is normalized. The 

expansion of the Green function given by Jackson [14] is 
|r - r I m=-t 

where 

H niin(r,;?), K, = max(r,/?) (29) 

Since the modulation function is a traveling charge density wave that moves time 

harmonically on the surface of the orbitsphcre about the z-axis with frequency 0 is a 
function of /. Substitution of Eq. (28) into Eq. (27) gives 

^ je'^''''""% X J ?ikj,(kr^)hl'^(kr^){p;{cose)f sin OdOdcP (30) 



2£+r 



A(r,r) = e--^^ f X nkj,{kr^)hl'\kr^)cos{m,p)d^ (31) 
2^^ 47r 

A(r,0 = e^^le""''u x ()t/-J//('>(;t/-Jcos(mit.v(0)rf^ (32) 
2;r 47r 

where s{t) is the angular displacement of the rotation modulation function during one period T„ 
and V is the linear velocity in the «x /■' direction. Thus, 

A(r,0 = e^^i[e""'u x r]j,(kr^)li'^\kr^)s\n(mkvT„) (33) 

A(r,0 = e^^{e"^''u x ?]j,{kr^)li^'\kr,)s\n{mks) (34) 
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In the case that k is the lightlike k° , then k = cojc, and Eq. (34) vanishes for 

R^cT^ (35) 

/?r;'=c (36) 

Rf = c (37) 

Thus, 

s = vT^ = R = r^=K (^8) 
which is identical to the Hans condition for nonradiation given by Eq. (16). 

The electric and magnetic fields and the power densit)' as a function of time are given by 
Eq.(34) and Eqs. (20-22). The spherical components of the fields, are defmed by 

+ E^^ + E^e (39) 

where 

^ = ^ ^ (40) 

u = 2 - orbital axis (4^) 
9 = 0x? (42) 
The fields inside of the electron orbitsphere ( r < /?) are 

= = 5, = 0 (43) 

£• lKke^l-h'i'\kR)jAkr)sw{mks)s\nee"''' (44) 
^ Eq 2n An 

I-j ^2e^ — ik^^^^jAkr)s\n(mks)cos0e'''' (45) 
2;r4;r kr 

o ^ _2e^^ikf^^^{krjAkr))sm{mks)smde''"'' (46) 
' In An kr dkr^ " 

The fields outside of the electron orbitsphere (r > /?) are 

E^ = E, = B,=Q (47) 



i^o^^f^^ JL j^{kR)h^p{kr)s\n{mks)smee'''' (48) 



In 4n 



H ^2e^^-^iki^h.f{kr)sm{mks)c^see''' (49) 
2n An kr 

= _26^ — /^^^--M')(A'r))sin(m^5)sin0e''""' (50) 
2n 4n kr dkr ^ 

The power density S(/) is given by substitution of Eqs. (48) and (50) into Eq. (22). 
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(51) 

X -le ^l'LJ_ikhMljLUrh^p{^kr))sm{mks)s\n Oe^'^'O 
In An kr dkr ^ ' 



r 

-0 

(52) 

For the condition given by Eq. (38), the power density as a function of time S(/) is zero. There 
is no radiation. 

7. i\L\G^"ETlC FIELD EQUATIONS OF THE ELECTRON 

ITie orbitsphere is a shell of negative charge current comprising correlated charge motion along 
great circles. For 1=0, the orbitsphere gives rise to a magnetic moment of 1 Bohi magneton 
[14]. 

^i^ = — = 9.21AXiQ--'JT-\ (53) 

The magnetic field of the electron shovvn in Figure 5 is given by 

H = -^-(i^cosO-igSin0) for r < (54) 

eti 

^(i,2cos0-i,sin0) for r>r^ (55) 

2m/ 

The energy stored in the magnetic field of the electron is 

I Inn « 

E^s ^^^0 J j J sin edrdOd^ (56) 

^ 0 0 0 

8, STERN-GERIACH EXPERLMENT 

The Stern-Gerlach experiment implies a magnetic moment of one Bohr magneton and an 
associated angular momentum quantum number of 1/2. Historically, this quantum number is 
called the spin quantum number,, s (5 = ^; ^/z, = ±^). The superposition of the vector projection 

of the orbitsphere angular momentum on to an axis S that precesses about the z-axis called the 
spin axis at an angle of 0 = y and an angle of 0 = :7r with respect to is 

S-±J|/i (58) 
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S rotates about the z-axis at the Larmor frequency. (S,), the time averaged projection of the 
orbitsphere angular momentum onto the axis of the applied magnetic field is 



9. ELECTRON g FACTOR 

Conser\^ation of angular momentum of the orbitsphere permits a discrete change of its 

"kinetic angular momentunv' (rx/?;v) by the applied magnetic field of ^, and concomitantly the 
"potential angular momentum" (rxeA) must change by - — . 



AL = - - rxeA 
2 

2 2n 



(60) 



(61) 



h 



In order that the change of angular momentxim, AL, equals zero, (p must be = — -, the 

2e 

magnetic flux quant\mi. The magnetic moment of the electron is parallel or antiparallel to the 
applied field only. During the spin-flip transition, power must be conserved. Power flow is 
governed by the Poynting power theorem, 



V • (E X H) 



-ii H»H 

2 " 



dt 



-£ E»E 

2 " 



-J.E 



(62) 



Eq. (63) gives the total energy of the flip transition which is the sum of the energy of 
reorientation of the magnetic moment (1st term), the magnetic energy (2nd term), the electric 
energy (3rd term), and the dissipated energy of a fluxon treading the orbitsphere (4th term), 
respectively. 



/SE""" = 2 



1 + — + -a 
In 3 



a 



4f a V 



\.2nJ 3V2n 



(63) 



"mag 



where the stored magnetic energy corresponding to the — 

at 



-u H»H 

2 " 



(64) 

term increases, the stored 



electric energy corresponding to the — 

at 



9 ^ 



term increases, and the J»E term is 



dissipative. The spin-flip transition can be considered as involving a magnetic moment of g 
times that of a Bohr magneton. The g factor is redesignated the fluxon g factor as opposed to 
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the anoinalous ^ factor. The calculated value of — is 1.001 159 652 137. The experimental 



10. SPIN AND ORBITA L PARAMETERS 

The total function that describes the spinning motion of each electron orbitsphere is 
composed of two functions. One function, the spin function, is spatially uniform over the 
orbitsphere, spins with a quantized angular velocity, and gives rise to spin angular momentum. 
The other function, the modulation function, can be spatially uniform- — in which case there is no 
orbital angular momentum and the magnetic moment of the electron orbitsphere is one Bohr 
magneton — or not spatially uniform — in which case there is orbital angular momentum. The 
modulation function also rotates with a quantized angular velocity. 

The spin function of the electron corresponds to the nonradiative n = l, ^ = 0 state of atomic 
hydrogen which is well known as an s state or orbital. (See Figure 1 for the charge function and 
Figure 2 for the current function.) In cases of orbitals of heavier elements and e.Kcited states of 
one electron atoms and atoms or ions of heavier elements with the i quantum number not equal 
to zero and which are not constant as given by Eq. (14), the constant spin function is modulated 
by a time and spherical harmonic function as given by Eq. (15) and shown in Figure 3. The 
modulation or traveling charge density wave corresponds to an orbital angular momentum in 
addition to a spin angular momentum. These states are typically referred to as p, d, f, etc. 
orbitals. Application of Haus's [8] condition also predicts nonradiation for a constant spin 
function modulated by a time and spherically harmonic orbital function. There is acceleration 
without radiation as also shown in the Nonradiation Based on the Electron Electromagnetic Fields 
and the Poynting Power Vector Section. (Also see Abbott and Griffiths and Goedecke [16-17]). 
However, in the case that such a state arises as an excited state by photon absorption, it is 
radiative due to a radial dipole term in its current density function since it possesses spacetime 
Fourier Transform components synchronous with waves traveling at the speed of light [8]. (See 
'''Instabilit}' of Excited States" section.) 

10.1 Moment of Inertia and Spin and Rotational Energies 



value[15]of I is 1.001 159 652 188(4). 



A=0 




2 



^ z ^ spin 



(65) 
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L_ Icoi, - ±- 



F - E - — 

roictional rotational, spin ^ 



^ spin 



V e n J 



e n J 



21.. 



Spu 



(66) 
(67) 



A ^0 



^(^ + 1) 
+ f + 1 



total spin orbital 



''rotational, orbital 
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P' +2P + \ 



(68) 

(69) 
(70) 

(71) 

(72) 
(73) 



{ ^rotational . orbital) ~ ^ 

From Eq. (73), the time average rotational energy is zero; thus, the principal levels are degenerate 
except when a magnetic field is applied. 



11. FORCE BALANCE EQUATION 

The radius of the nonradiative (ai = 1) state is solved using the electromagnetic force 
equations of Maxwell relating the charge and mass density functions wherein the angular 
momentum of the electron is given by Planck's constant bar. The reduced mass arises naturally 
from an electrodynamic interaction between the electron and the proton. 



m. V 



1 _ 



1 



Z 



(74) 
(75) 



12. ENERGY CALCULATIONS 

From Maxwell's equations, the potential energy V, kinetic energy T, electric energy or 
binding energy are 



V = 



-Ze' 



T = - =Z'X 13.59 eV 



= -Z- X 4.3675 X 10"'* J = -Z^ X 27.2 eV 



(76) 
(77) 
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T = E,^ = -^etE\iv where E = --^. (78) 
7- - 

E, = — ——^-Z-X2.nS6X\0''^J = -Z^X\3.59SeV (79) 

The calculated Rydberg constant is 10,967,758 /?r' ; the experimental Rydberg constant is 
10,967,758 



1 The theories of Bohr, Schrodinger, and presently CQM all give the identical 
equation for the principal energy levels of the hydrogen atom. 

E, ^!^_^-:?lx2.1786 X10"^'y--Z'X ^^4^ (FNl.l) 

In CQM, the two dimensional wave equation is solved for the charge density function 
of the electron. And, the Fourier transform of the charge density function is a 
solution of the three dimensional wave equation in frequency {k,co) space. Whereas, 
the Schrodinger equation solutions are three dimensional in spacetime. The energy 
is given by 

^\l/H\ifdv-^ E\\i/-dv- (FN 1.2) 

^\l/\iv^\ (FN 1.3) 

Thus, 

]\{/H\i/dv = E (FN 1. 4) 

In the case that the potential energy of the Hamiltonian, is a constant times the 

wavenumber, the Schrodinger equation is the well known Bessel equation. Then 
with one of the solutions for y/ , Eq. (FN1.4) is equivalent to an inverse Fourier 
transform. According to the duality and scale change properties of Fourier 
transforms, the energy equation of CQM and that of quantum mechanics are 
identical, the energy of a radial Dirac delta function of radius equal to an integer 
multiple of the radius of the hydrogen atom (Eq. (FNl.l)). And, Bohr obtained the 
same energy formula by postulating nonradiative states with angular momentum 

L=mh (FN 1.5) 

and solving the energy equation classically. 

The mathematics for all three theories converge to Eq. (FNIT). However, the 
physics is quite different. Only CQM is derived from first principles and holds over a 
scale of spacetime of 85 orders of magnitude. And, the mathematical relationship of 
CQM and QM is based on the Fourier transform of the radial function. CQM requires 
that the electron is real and physically confined to a two dimensional surface which 
corresponds to a solution of the two-dimensional wave equation plus time. The 
corresponding Fourier transform is a wave over all space which is a solution of the 
three dimensional wave equation (e.g. the Schrodinger equation). In essence QM 
may be considered as a theory dealing with the Fourier transform of an electron 
rather than the physical electron. By FarsevaTs theorem, the energies may be 
equivalent, but the quantum mechanical case is nonphysicai — only mathematical. 
Thus, it is nonsensical from this perspective. It may mathematically produce 
numbers which agree with experimental energies, but the mechanisms lack internal 
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13. EXCITED STATES 

CQM gives closed form solutions for the resonant photons and excited state electron 
functions. The angular momentum of the photon given by 

ni = — Re[rx(ExB*)] = ;z (80) 

Sir 

is conserved [18]. The change in angular velocity of the electron is equal to the angular frequency 
of the resonant photon. The energy is given by Planck's equation. The predicted energies, Lamb 
shift, hyperfme structure, resonant line shape, line width, selection rules, etc. are in agreement 
with observation. 

The orbitsphere is a dynamic spherical resonator cavil^^ w^hich traps photons of discrete 
frequencies. The relationship between an allowed radius and the ''photon standing vvave'' 
wavelength is 

2nr=^nA (81) 
where n is an integer. The relationship belAveen an allowed radius and the electron wavelength is 

27r(nrj)-2;rr^ -nA, -A^ (82) 
where /i = 1,2,3,4,.... The radius of an orbitsphere increases with the absorption of 
electromagnetic energy. The radii of excited states are solved using the electromagnetic force 
equations of Maxwell relating the field from the charge of the proton, the electric field of the 
photon, and charge and mass density functions of the electron wherein the angular momentum of 
the electron is given by Planck's constant bar (Eq. (74)). The solutions to Maxwell's equations 
for modes that can be excited in the orbitsphere resonator cavity give rise to four quantum 
numbers, and the energies of the modes are the experimentally known hydrogen spectrum. The 
relationship between the electric field equation and the ''trapped photon" source charge-density 
function is given by Maxwell's equation in two dimensions. 



consistency and conformity with physical laws. If these are the criteria for a valid 
solution of physical problems, then quantum mechanics has never successfully 
solved any problem. The theory of Bohr similarly failed. 

Classical revisions may transform Schrodinger's and Heisenberg's quantum 
theory into what is termed a classical quantum theory such that physical 
descriptions result. For example, in the old quantum theory the spin angular 
momentum of the electron is called the "intrinsic angular momentum". This term 
arises because it is difficult to provide a physical interpretation for the electron's 
spin angular momentum. Quantum Electrodynamics provides somewhat of a physical 
interpretation by proposing that the "vacuum" contains fluctuating electric and 
magnetic fields. In contrast, in CQM, spin angular momentum results from the 
motion of negatively charged mass moving systematically, and the equation for 
angular momentum, rxp, can be applied directly to the wave function (a current 
density function) that describes the electron. And, quantization is carried by the 
photon, rather than probability waves of the electron as demonstrated in this paper. 
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n-(E.-E,) = f 



(83) 



The photon standing electromagnetic wave is phase matched with the electron 

n 



r photon n.Lm ^V-^-) 

(jO^^O for m ~ 0 
e 



E 



r total 



Aner 



0)^ ~ 0 for m = 0 
For r - na^ and m = 0, the total radial electric field is 

E =^ 

r total 



(85) 



(86) 



The energy of the photon which excites a mode in the electron spherical resonator cavity 



from radius a„ to radius «a„ is 



1- — 
n' 



= hv = hw 



The change in angular velocity of the orbitsphere for an excitation from « = 1 to « = n is 



Aw = 



m 



1 



1 



1 ^2 e 



h 
1 



The kinetic energy change of the transition is 



2 ' 8;r£„a 



0"H 



1- 



= hco 



(87) 



(88) 



(89) 



The change in angular velocity of the electron orbitsphere is identical to the angular velocity of 
the photon necessary for the excitation, co^^^,^^ . The correspondence principle holds. It can be 

demonstrated that the resonance condition between these frequencies is to be satisfied in order to 
have a net change of the energy field [19]. 



14. ORBITAL AND SPIN SPLITTING 

The ratio of the square of the angular momentum, M', to the square of the energy, U^, for a 
pure (^, m) multipole is [20] 

K = ^ (90) 

U" CO 

The magnetic moment is defined as 



21 



charge x angular rnomentuin 



(91) 



2 X mass 

The radiation of a multipole of order {P., m) carries mh units of the z component of angular 
momentum per photon of energy hco. Thus, the z component of the angular momentum of the 
corresponding excited state electron orbitsphere is 

U - mh (92) 



Therefore, 

emh 



(93) 



where /^^ is the Bohr magneton. Hie orbital splitting energy is 

- misB ^ (94) 

The spin and orbital splitting energies superimpose; thus, the principal excited state energy levels 
of the hydrogen atom are split by the energy £'J''"'"^^ 



mag 



--spin / orb 



eh 



eh 



m B -h m^g — B where 

2 m, 



mag 

n = 2,3,4,... 

f = l,2,...,n-l 

m = -i,-l + l,...,0,...,+f. 

m - ± — 
2 

For the electric dipole transition, the selection rules are 
Am = 0,±l 

^m, = 0 



(95) 



(96) 



15. RESON.\iNT LINE SHAPE AND LAMB SHIFT 

The spectroscopic linewidth shown in Figure 6 arises from the classical rise-time band-width 

relationship, and the Lamb Shift is due to conservation of energy and linear momentum and arises 

from the radiation reaction force between the electron and the photon. It follows from the 

Poynting power theorem with spherical radiation that the transition probabilities are given by the 

ratio of power and the energy of the transition [21]. The transition probability in the case of the 

electric multipole moment is 
1 _ power 

T energy 

Inc z'^ + r 



(97) 



X 



[(2/ + 1)!!] V ^ 



2n 



8, [(2^>1)!!] 



i + 3 



(98) 



CO 
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E(^^) cc le-^e'^'^'di = — ^ (99) 

a- ico 

The relationship between the rise-time and the band-width for exponential decay is 

rr-- (100) 
n 



The energy radiated per unit frequency interval is 

(101) 



dco ''2K{(o-co,-Acoy +{r/2f 
16. LAMB SHIFT 

The Lamb Shift of the 'py, state of the hydrogen atom is due to conservation of linear 
momentum of the electron, atom, and photon. The electron component is 

^f = ^ = Eh!L = 2iE>A^ = l052 MHz (102) 
^ 2n h h2mc- 



where E^^^, is 



^ -h^f (103) 



M/«<1 (105) 
Therefore, 



The atom component is 

A/.^.J^ = il^ = 6.5/W/^ (107) 
2n h 2 2m„c^ 

The sum of the components is 

A/ = 1052 MHz + 6.5 MHz = 1058.5 MHz (108) 
The experimental Lamb Shift is 1058 MHz . 

17. SPrN-ORBITAL COUPLING 

The electron's motion in the hydrogen atom is always perpendicular to its radius; 
consequently, as shown by Eq. (7), the electron's angular momentum of ti is invariant. The 
angular momentum of the photon given in the Photon Equations section is 

m = — Re[rx(ExB*)l = A. It is conserved for the solutions for the resonant photons and 
8;r ^ 

excited state electron functions given in the Excited States section and the Photon Equations 
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section. Thus, the electrodynamic angular momentum and the inertial angular momentum are 
matched such that the correspondence principle holds. It follows from the principle of 
conserv ation of angular momentum that — of Eq. (53) is invariant as shown previously [1]. In 

the case of spin-orbital coupling, the invariant h of spin angular momentum and orbital angular 
momentum each give rise to a corresponding invariant magnetic moment of a Bohr magneton, and 
their corresponding energies superimpose as given in the Orbital and Spin Splitting section. The 
interaction of the two magnetic moments gives rise to a relativistic spin-orbital coupling energy. 
The vector orientations of the momenta must be considered as well as the condition that flux 
must be linked by the electron in units of the magnetic flux quantum in order to conserve the 
invariant electron angular momentum of The energy may be calculated with the additional 

conditions of the invariance of the electron's charge and mass to charge ratio — . 

As shown in the Electron g Factor section (Eqs. (60-64)), flux must be linked by the 
electron orbitsphere in units of the magnetic flux quantum. The maximum projection of the spin 

angular momentum of the electron onto an axis given by Eq. (58) is J~^- Then, using the 

magnetic energy tenn of Eq. (63), the spin-orbital coupling energy E^^^ is given by 



E =2-^ 
In 



( 



eh 
2m' 



- AU ^^^^^ 
4 m:r V 4 



In the case that n ^ 2, the radius given by Eq. (82) is r :::: la^. The predicted energy difference 
between the 'P^,, and ^P^^ levels of the hydrogen atom, E^^^, given by Eq. (109) is 

wherein ^ = 1 and both levels are equivalently Lamb shifted. Using Eqs. (183-184), E^,^ may be 
expressed in terms of the mass energy of the electron. 

(HI) 

The energy from Eq. (109) called the fine structure splitting is 4.51908 X 10'^ eV corresponding 
to a frequency of 10,934.3 MHz or a wavelength of about 2.74 cm. The ^P^,^ and ^/^^2 levels 
are also split by spin-nuclear and orbital-nuclear coupling. The experimental hyperfine structure 
transition frequencies for the V3/2 and Vw2 levels are 23.1 MHz and 59.19 MHz, respectively. 
^^3^2 — transitions occur between hyperfine levels; thus, the transition energy is the sum of 
the fine strucUire and the conesponding hyperfine energy. The calculated ^Pj^, — ^Py2 transition 
frequency including a transition between hyperfine levels is 10,975.7 MHz- The large natural 
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widths of the hydrogen 2p levels limits the experimental accuracy. The experimental value of 
the — 'fj/, transition frequency is 10,969.1 MHz, 

INSTABILH Y OF EXCrf ED STATES 

For the excited energy states of the hydrogen atom, o^^^^^^^ , the two dimensional surface 

charge due to the "trapped photons" at the electron orbitsphere, given by Eq. (83) and Eq. (84) is 



(112) 



photon 4 / \2 

47r(rJ 

where « = 2,3,4,...,. Whereas, a , . . the two dimensional surface charge of the electron 

' ' ' ' electron ■ ^ 

orbitsphere given by Eq. (15) is 



-e 



Y°{9, 0) + Re{yr(0. <p)[l + ^'■'--']}]<5(r - rj 



''electron \ , ^2 'OV^'V/' '^^^\'^t V^jV/I^'*- UI^^' 'n^ (1^^) 

The superposition of o (Eq. (112)) and o^^^^,^^^ is equivalent to the sum of a radial electric 
dipole represented by a doublet function and a radial electric monopole represented by a delta 
function. 

^photon ^ ^electron 



where n = 2,3,4 



{e. 0) 5(r - rj - i (0, ^)S{r - rj - ^ 1 -f 0Re{y; (0. <p)[l + .'-^^ ]]]S{r - ) 



(114) 

Due to the radial doublet, excited states are radiative since spacetime 

harmonics of — = /: or — I— = A: do exist for which the spacetime Fourier transform of the 
c c 



current density function is nonzero. 



PHOTON EQUATIONS 

The time-averaged angular-momentum density, m, of an emitted photon is 

m = — Re[rx(ExB*)] = ^ (115) 

A linearly polarized photon orbitsphere is generated from two orthogonal great circle field lines 
shown in Figure 7 rather than two great circle current loops as in the case of the electron spin 
function. The right-handed circularly polarized photon orbitsphere shown in Figure 8 
corresponds to the case wherein the summation of the rotation about each of the x-axis and the y- 

axis is ^Aa = ^^2n, and the mirror image left-handed circularly polarized photon orbitsphere 

n = l 
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corresponds to the case wherein the summation of the rotation about each of the x-axis and the y- 
axis is ^]Aa'| = V27r. 

n = l 



19,1 Nested Set of Great Circle Field Lines Generates the Photon Function 
H Field: 



•^1 




cos(Aa) -sin-(Aa) -sin(Aa)cos(Aa) 










0 cos(Aa) -sin(Aa) 






^1. 




sin(Aa) cos(Aa)sin(Aa) cos-(Aa) 







42n 

and ^o:^'-^a replaces ^a for ^Aa^V27r; ^|Aa'| = V27r 



19.2 E Field: 



cos(Aa) -sin^(Aa) -sin(Aa)cos(Aa) 

0 cos(Aa) -sin(Aa) 

sin(Aa) cos(Aa)sin(Aa) cos-(Aa) 













(117) 









ACE 



V2;r 



and Aa:' = -Aa replaces Aa for ^Aa = V2;r; ^|Aa'| = V2;r 



The field lines in the lab frame follow from the relativistic invariance of charge as given by 
Purcell [22]. The relationship between the relativistic velocity and the electric field of a moving 



charge shown schematically in Figure 9. From Eqs. (1 16-117) with Y,^^"^ photon 
equation in the lab frame of a right-handed circularly polarized photon orbitsphere is 



[y-.x]e-*^V^-:^Eoj^[y-/xK^^^^ 



(118) 
(119) 



with a wavelength of 
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X^2n^ (120) 

0) 

The relationship between the photon orbitsphere radius and wavelength is 

27rr„=A„ (121) 

The electric field lines of a right-handed circularly polarized photon orbitsphere as seen along the 
axis of propagation in the lab inertial reference frame as it passes a fixed point is shown in Figure 
10. 

19.3 Spherical Wave 

Photons superimpose, and the amplitude due to /V photons is 

E , = y— f{e,ip) (122) 

In the far field, the emitted wave is a spherical wave 

E.., = £,— (123) 
r 

The Green Function is given as the solution of the wave equation. Thus, the superposition of 
photons gives the classical result. As r goes to infinity, the spherical wave becomes a plane 
w^ave. The double slit interference pattern is predicted. From the equation of a photon, the 
wave-particle duality arises naturally. The energy is always given by Planck's equation; yet, an 
interference pattern is observed when photons add over time or space. 

20. EQUATIONS OF THE FREE ELECTRON 
20.1 Charge Density Function 

ITie radius of an electron orbitsphere increases with the absorption of electromagnetic energy 
[23]. With the absorption of a photon of energy exactly equal to the ionization energy, the 
electron becomes ionized and is a plane wave (spherical wave in the limit) with the de Broglie 
wavelength. The ionized electron traveling at constant velocity is nonradiative and is a two 
dimensional surface having a total charge of e and a total mass of m^. The solution of the 

boundary value problem of the free electron is given by the projection of the orbitsphere into a 
plane that lineariy propagates along an axis perpendicular to the plane where the velocity of the 
plane and the orbitsphere is given by 

v = -^ (124) 

and the radius of the orbitsphere m spherical coordinates is equal to the radius of the free electron 
in cylindrical coordinates ( Po = r^). The mass density function of a free electron shown in Figure 
1 1 is a two dimensional disk having the mass density distribution in the xy(p)-piane 
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2 , 

3W 



n 



(125) 



and charge-density distribution, p^{p,(p,z), in the xy-plane given by replacing ni^ with e. The 
charge density distribution of the free electron has recently been confimied experimentally [24- 
25]. Researchers working at the Japanese National Laboratory for High Energy Physics (KEK) 
demonstrated that the charge of the free electron increases toward the particle's core and is 
symmetrical as a function of (j). In addition, the wave-particle dualit)-' arises naturally, and the 
result is consistent with scattering experiments from helium and the double split experiment [1]. 



20,2 Current Density Function 

Consider an electron initially bound as an orbitsphere of radius r~r^^r^ ionized from a 

hydrogen atom with the magnitude of the angular velocity of the orbitsphere is given by 

(126) 



CO = 



mr 



The current-densit}^ function of the free electron propagating with velocity along the z-axis in 
the inertial frame of the proton is given by the vector projection of the current into xy-plane as 
the radius increases from r = r to r~^. The current-density function of the free electron, is 



J(p,0,e,/)- 



(127) 



where p ^ r^. The angular momentum, L, is given by 

Substitution of for e in Eq. (127) followed by substitution into Eq. (128) gives the angular 
momentum density function, L 



Li, = 4- 



m. 



A 



' m. 



(129) 



The total angular momentum of the free electron is given by integration over the two dimensional 
disk having the angular momentum density given by Eq. (129). 




0 0 



m. 



'P^pdpd(P = h 



(130) 



The four dimensional spacetime current-density function of the free electron that propagates 
along the z-a.xis with velocity given by Eq. (124) corresponding to r = = p^ is given by 

substitution of Eq. (124) into Eq. (128). 
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n 



eh „^ 
+ 5{z 



(131) 



The spacetime Fourier Transfomi of is 
e h . ,^ , . h 



3 ni 



- si nc ( 2 /Ti-p^) + 2ne 5{ci) - k • v ) 



(132) 



(0. 



CO. 



The boundary condition is — spacetime harmonics of — = /:or— ^ 1 — = k do not exist. 

c c ^e. 

Radiation due to charge motion does not occur in any medium when this boundary condition is 
met. Thus, no Fourier components that are synchronous with light velocity with the 

propagation constant |k,j = — exist, and radiation due to charge motion of the free electron does 

c 

not occur when this boundary condition is met. It follows from Eq. (124) and the relationship 
2np^ - that the wavelength of the free electron is the de Broglie wavelength. 

— = 2np^ (133) 



" o 



In the presence of a z-axis-applied magnetic field, the free electron precesses. The time 
average vector projection of the total angular momentum of the fee electron onto an axis S that 

rotates about the z-axis is ±^j—fi, and the time averaged projection of the angular momentum 

V 4 

h 

onto the axis of the applied magnetic field Magnetic flux is linked by the electron in units 

of the magnetic flux quantum with conservation of angular momentum as in the case of the 
orbitsphere as the projection of the angular momentum along the magnetic field axis of ^ 

reverses direction. The energy, AE^^j^, of the spin flip transition corresponding to the ms = — 



quantum number is given by Eq. (64). 



(134) 



The Stern-Gerlach experiment implies a magnetic moment of one Bohr magneton and an 
associated angular momentum quantum number of 1/2, Historically, this quantum number is 
called the spin quantum number, ms, and that designation is maintained. 



21. TWO ELECTRON ATOMS 

Two electron atoms may be solved from a central force balance equation with the 
nonradiation condition. The force balance equation is 
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m v'J e {Z - l)e 1 



which oives the radius of both electrons as 



+ _^ j^s{s^\) (135) 



^ 1 V^(7Tl)l 1 



V 



Z-1 z(z-i) 



;5 = ^ (136) 



21.1 Ionization Energies Calculated using the Poynting Power Theorem 

For helium, which has no electric field beyond r, 

Ionization Energy{He) - -E{electnc) + E{magnetic) (137) 
where, 

Eieleclric)^-^^—^ (138) 

E{maonetic)= '^^^f. (139) 
For 3 < Z 

Ionization Energy = - Electric Energy - ^Magnetic Energy (140) 
TTie energies of several two-electron atoms are given in Table 1 . 

22. ELASTIC ELECTRON SCATTERING FROM HELIUM ATOMS 

The aperture distribution function, a(p,^,z), for the elastic scattering of an incident electron 
plane wave represented by 7T{z) by a helium atom represented by 

A5lir- 0.561 a J] (141) 

4;r(0.567aj' 

is given by the convolution of the plane wave with the helium atom function: 

_2 

4;r(0.567aJ 



a{p,(t),z)=7l{z)<S) ^J <5(r-0.567aJ] (142) 



The aperture function is 

^^P^ ^' ^) ^ . .nL ^- >-567aJ^-z^5(r - ^0,561a,f ~ ) ( 1 43) 

4n{0.561a^y 

22.1 Far Field Scattering (circular symmetry) 

Applying Huygens' principle to a disturbance caused by the plane wave electron over the 
helium atom as an aperture gives the amplitude of the far field or Fraunhofer diffraction pattern 
F{s) as the Fourier Transform of the aperture distribution. The intensity if is the square of the 

amplitude. 
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.J w ^ 

^(') = T-T^HtT-^^.t f J ^fioTeiaj' - Mp - V(0.567fl,r - z')JSsp)e-"'-^pdpdz (144) 



= /. 



2n 



(Z,vv)' + (7_,5)- 



5 = — s\n — .w = Q{iinitsojA ) 
A 2 



(145) 
(146) 



The experimental results of Bromberg [28], the extrapolated experimental data of Hughes [28], 
the small angle data of Geiger [29] and the semiexperimental results of Lassettre [28] for the 
elastic differential cross section for the elastic scattering of electrons by helium atoms is shown 
graphically in Figure 12. The elastic differential cross section as a function of angle numerically 
calculated by Khare [28] using the first Born approximation and first-order exchange 
approximation also appear in Figure 12. These results which are based on a quantum mechanical 
model are compared with experimentation [28-29]. The closed form function (Eqs. (145) and 
(146)) for the elastic differential cross section for the elastic scattering of electrons by helium 
atoms is shown graphically in Figure 13. The scattering amplitude function, F{s) (Eq. (144), is 
shown as an insert. It is apparent from Figure 12 that the quantum mechanical calculations fail 
completely at predicting the experimental results at small scattering angles; whereas, there is good 
agreement between Eq. (145) and the experimental results. 



23. THE NATURE OF THE CHEMI C.\L BOND OF HVDROG EN 

The hydrogen molecule charge and current density functions, bond distance and energies are 
solved from the Laplacian in ellipsoidal coordinates with the constraint of noniadiation. 



The force balance equation for the hydrogen molecule is 



(147) 



2 I 2 

m/i b 

where 



-2ab^X = 



2ob'X 



(148) 
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Eq, (148) has the parametric solution 

r(t) ^ \acoscot -f j^sin cot (150) 

when the semimajor axis, a, is 

a-a^ (151) 

The internuclear distance, 2c' , which is the distance between the foci is 

2c' = V2a^ (152) 
The experimental internuclear distance is V2a^. The semiminor axis is 

" = 72°" (1.3) 



The eccentricity, e , is 
1 

V2 



(154) 



23,1 The Energies of the Hydrogen Molecule 

The potential energy of the two electrons in the central field of the protons at the foci is 

V = =^L==.ln^±^^^ = -67.813 .V (155) 

The potential energy of the two protons is 

y = f = 19.23 (156) 

The kinetic energy of the electrons is 



r = - 5L_ln^-±^^E£ = 33.906 eV (157) 

2m^ayja^-b^ a-^a^-b^ 

The energy, V^, of the magnetic force between the electrons is 

V = In = -16.9533 (158) 

Am^a-i^b' a-4a^-b^ 

The total energy is 

E, = K, + r+V„ + K^ (159) 



= -13.6 eV 



r 



2V2-V2 + 

2 



V2Y V2 + I 



V2-I 



= -31.63eV (160) 



The energy of two hydrogen atoms is 

E(2W[a„]) = -27.21 eV ("^^) 
The bond dissociation energy, 'S the difference between the total energy of the corresponding 
hydrogen atoms (Eq. (161)) and Ej (Eq. (160)). 
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= E{2H[a„])-E^=4A3eV 

The experimental energy determined by calorimetry is 
£o = 4.45^?V 



(162) 
(163) 



24. COSiMOLOGIC WL THEORY BASED ON MAXWELL'S EQUATIONS 

Maxwell's equations and special relativity are based on the law of propagation of a 
electromagnetic wave front in the fonn 



1 



dco 



Ha 



= 0 



(164) 



For any kind of \va\'e advancing with limiting velocity and capable of transmitting signals, the 
equation of front propagation is the same as the equation for the front of a light wave. Thus, the 
equation 

1 fdcoy 



dt 



[gradcof - 0 



(165) 



acquires a general character; it is more general than Maxweirs equations from which Maxwell 
originally derived it. 

A discovery' of the present work is that the classical wave equation governs: (1) the motion of 
bound electrons, (2) the propagation of any form of energy, (3) measurements between inertial 
frames of reference such as time, mass, momentum, and length (Minkowski tensor), (4) 
fundamental particle production and the conversion of matter to energy, (5) a relativistic 
correction of spacetime due to particle production or annihilation (Schwarzschild metric), (6) the 
expansion and contraction of the Universe, (7) the basis of the relationship between Maxwell's 
equations, Planck's equation, the de Broglie equation, Newton's lav^s, and special, and general 
relativity. 

The relationship between the time interval between ticks t of a clock in motion with velocity 
V relative to an observer and the time interval t^ between ticks on a clock at rest relative to an 

obser\'*er is [30] 

{cty-(ct,f-^{vtf (166) 
Thus, the time dilation relationship based on the constant maximum speed of light c in any 
inertial frame is 




(167) 



The metric g^^, for Euclidean space is the Minkowski tensor 7/^^. In this case, the separation of 



prope 



r time between two events a'^ and a" + dx^ is dr" = - rj dx^dx' 
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25. THE E:QL IVALENCE OF THE GR.\VITATIONAL MASS AND THE INERTIAL 
MASS 

The equivalence of the gravitational mass and the inertial mass, m^l m; - universal constant, 

which is predicted by Newton's law of mechanics and gravitation is experimentally confirmed to 

less I X 10 " [31]. In physics, the discover}^ of a universal constant often leads to the 

development of an entirely new theory. From the universal constancy of the velocity of light, c 

the special theory of relativity was derived; and from Planck's constant h, the quantum theory 
was deduced. Therefore, the universal constant m^lm^ should be the key to the gravitational 

problem. The energy equation of Newtonian gravitation is 

1 GMiii 1 , GMm /1^o^ 
E = ~mv' = constant (168) 

2 r 2 To 

Since h, the angular momentum per unit mass, is 
h-Llm~\YXy\~ r^v^ sin 0 

the eccentricity e may be written as 



^ , 2GM 



^0 - 



V 



(169) 



where m is the inertial mass of a particle, is the speed of the particle, is the distance of the 

particle from a massi ve object, <p is the angle between the direction of motion of the particle and 

the radius vector from the object, and M is the total mass of the object (including a particle). 

The eccentricity e given by Newton's differential equations of motion in the case of the central 

field permits the classification of the orbits according to the total energy E [32] (column 1) and 

2 C/ 

the orbital velocitv squared, v^, relative to the gravitational velocity squared, [32] (column 



2): 

E <0 \'l < "^'"^ e < 1 ellipse 



2 2GM 



2 2GM 



E <0 Vq < e = 0 circle (special case of ellipse) 

2C7 

£■ = 0 = e = 1 parabolic orbit 



2 2GM 



E>0 Vq > e > 1 hyperbolic orbit 



^0 



(170) 



26. CONTINUITY CONDITIONS FOR THE PRODUCTION OF A PARTICLE FROM 
A PHOTON TRAVELING AT LIGHT SPEED 
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A photon traveling at the speed of light gives rise to a particle with an initial radius equal to 
its Compton wavelength bar. 

h 

r = Xc = — = r„ (171) 

mc 

The particle must have an orbital velocity equal to Newtonian gravitational escape velocity of 
the antiparticle. 

^ (172) 



The eccentricity is one. The orbital energy is zero. The particle production trajectory is a 
parabola relative to the center of mass of the antiparticle. 



26.1 A Gravitational Field as a Front Equivalent to Light Wave Front 

The particle with a Finite gravitational mass gives rise to a gravitational field that travels out 
as a front equivalent to a light wave front. The form of the outgoing gravitational field front 



(173) 



traveling at the speed of light is f]^ — j , and dr is given by 
^/r - f{r)dr ~ \[f{ry'dr + r^de' + sin" Odip^] 



The speed of light as a constant maximum as well as phase matching and continuity conditions of 
the electromagnetic and gravitational waves require the following form of the squared 
displacements: 

{crf^(v^t)' = {ctf (174) 



/('■) = 



(175) 



In order that the wave front velocity does not exceed c in any frame, spacetime must undergo 
time dilation and length contraction due to the particle production event. The derivation and 
result of spacetime time dilation is analogous to the derivation and result of special relaiivistic 
time dilation wherein the relative velocity of tw^o inertial frames replaces the gravitational 
velocity. 

The general form of the metric due to the relativistic effect on spacetime due to mass with 



given by Eq. (172) is 



dr^ 



2\ 



1- 



(176) 



The gravitational radius, r^, of each orbitsphere of the particle production event, each of mass 
/77o, and the corresponding general fomi of the metric are respectively 
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2Gm 



(177) 



dr 



-'A 



I 



(178) 



The metric g^^ for non-Euclidean space due to the relativistic effect on spacetime due to mass 
is 



8, 



c'r 



0 
0 
0 



0 



1 (, 2Gm, 
A c'r 



0 
0 



0 
0 

1 

0 



1 



0 

0 
0 

r'sin'f? 



(179) 



Masses and their effects on spacetime superimpose. The separation of proper time between 
two events and .t'' + dx" is 



dr'= i 



2GM\ 



l^^^]' dr' + r'de' + r's\n'0d<p' 
c r J 



(180) 



c r J c" 

The Schwarzschild metric (Eq. (180)) gives the relationship whereby matter causes relativistic 
corrections to spacetime that determines the curvature of spacetime and is the origin of gravity. 



26.2 Particle Production Continuit)^ Conditions from Maxwell's Equations, and the 
Schwarzschild Metric 

The photon to particle event requires a transition state that is continuous wherein the 
velocity of a transition state orbitsphere is the speed of light. The radius, r, is the Compton 
wavelength bar, X^, given by Eq. (171). At production, the Planck equation energy, the electric 
potential energy, and the magnetic energy are equal to m^c^ . 

The Schwarzschild metric gives the relationship whereby matter causes relativistic corrections 
to spacetime that determines the masses of fundamental particles. Substitution of r = ; 

dr = 0\ dG = 0] sin^ 6 = 1 into the Schwarzschild metric gives 



^ 2Gm, v'y^ 
dr = dt\ 1 i-T^ - -r 



with ^ c\ the relationship between the proper time and the coordinate time is 



. 2GM . 2GM .V 

r n h-T^ - tl )-T7— =tl-^ 



c r, 



(181) 



(182) 
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When the orbitsphere velocity is the speed of light, continuity conditions based on the constant 
maximum speed of light given by MaxwelTs equations are mass energy = Planck equation energy 
= electric potential energy - magnetic energy = mass/spacetime metric energy. Therefore, 

m c' =nw =V =: E = E (183) 

m^Xl ^ne^X^ [inni^yX^^ 1 sec \ 2Cm 

The continuity conditions based on the constant maximum speed of light given by the 
Schwarzschild metric are: 

proper time _ gravitational wave condition gravitational mass phase matching 
coordinate time electromagnetic wave condition charge/ineitial mass phase matching 



proper time _,\ 



IGm 
c-X^ 



coordinate time 



a 



ac 



(185) 



27. MASSES OF FUNDAMENTAL PARTICLES 

Each of the Planck equation energy, electric energy, and magnetic energy corresponds to a 
particle given by the relationship between the proper time and the coordinate time. The electron 
and down-down-up neutron correspond to the Planck equation energy. The muon and strange- 
strange-charmed neutron correspond to the electric energy. The tau and bottom-bottom-top 
neutron correspond to the magnetic energy. The particle must possess the escape velocity 
relative to the antiparticle where v^<c. According to Newton's law of gravitation, the 
eccentricity is one and the particle production trajectory is a parabola relative to the center of 
mass of the antiparticle. 

27.1 The Electron-Antielectron Lepton Pair 

A clock is defined in terms of a self consistent system of units used to measure the particle 
mass^. The proper time of the particle is equated with the coordinate time according to the 



2 Presently the second is defined as the time required for 9,192,631,770 vibrations 
within the cesium-133 atom. The "sec" as defined in Eq. (146) is a fundamental 
constant, namely, the metric of spacetime (it is almost identically equal to the present 
value for reasons explained in ref. 1). A unified theory can only provide the 
relationships between all measurable observables in terms of a clock defined in 
terms of fundamental constants according to those observables and used to measure 
them. The so defined ''clock" measures ''clicks" on an observable in one aspect, and 
in another, it is the ruler of spacetime of the universe with the implicit dependence 
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Schwarzschild metric corresponding to light speed. The special relativistic condition 
corresponding to the Planck energy gives the mass of the electron. 

(186) 



^ h \2Gnr 
In — - - sec. 



mc 



ha 



secc 



ca'h 
I 

ch ^4 
2G 



-9.1097 X10"'' kg 



-9.1097 X 10 kg-\% ^V'(v^) - 9.1094 .Y 10''' kg 



m 



e experimental 



9,1095 X 10 kg 



(187) 

(188) 
(189) 



27.2 Down-Dovvn-Up Neutron (DDU) 

The corresponding equation for production of the neutron is 



2n- 



2nh 



2G 





' 1 


a ' 
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.271 


'in. 





- sec^ 



In In 



3ci2nyh 



m 



m 



iV calculated 



1 Y27rA__VrZZ^j^ = 1.6744X10-^, 



Vl - aAsecc 



;Ve.xperime 



=1.6749X10"'' kg 



(190) 

(191) 
(192) 



28. GRWTTATIONAL POTEN TLAL ENERGY 

The gravitational radius, or r^, of an orbitsphere of mass iUq is defined as 



When r^. = r„* = X^- , the gravitational potential energy equals m^c^ 



— — — A,, — 



The mass is the Planck mass, m„, 

The corresponding gravitational velocity, v^, is defined as 



GniQ _ GniQ _ 



Gm^ 

i K 



(193) 

(194) 
(195) 

(196) 
(197) 



of spacetime on matter-energy conversion as shown in the Relationship of Matter to 
Energy and Spacetime E.xpansion section. 
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28.1 Relationship of the Equivalent Phinck Mass Particle Production Energies 

For the Planck mass particle, the relationships corresponding to Eq. (184) are: (mass energy ^ 
Planck equation energy = electric potential energy = magnetic energy = gravitational potential 
energy = mass/spacetime metric energy) 



mc ~ hco ~ V = F.,, = - E,^^,,,,-, 

o mag ^rav spcceume 



(198) 



m^C =h(D = 



= a 



2h ^l ^ G 1 sec V 2Gm 

(199) 

These equivalent energies give the particle masses in terms of the gravitational velocity, and 
the Planck mass, rn 



-1 Mo^'^ V 



2h 



c 2h \c 2h c c 



(200) 



28.2 Planck Mass Particles 

A pair of particles each of the Planck mass corresponding to the gravitational potential energy 
is not observed since the velocity of each transition state orbitsphere is the gravitational velocity 
that in this case is the speed of light; whereas, the Nevvlonian gravitational escape velocity 

is V2 the speed of light. In this case, an electromagnetic wave of mass energy equivalent to the 
Planck mass travels in a circular orbit about the center of mass of another electromagnetic wave of 
mass energy equivalent to the Planck mass wherein the eccentricity is equal to zero and the 
escape velocity can never be reached. The Planck mass is a "measuring stick." The 

[ftc 

extraordinarily high Planck mass ( — = 2.18 X 10"^ /:§) is the unobtainable mass bound 

Y G 

imposed by the angular momentum and speed of the photon relative to the gravitational constant. 
It is analogous to the unattainable bound of the speed of light for a particle possessing fmite rest 
mass imposed by the Minkowski tensor. 

28.3 Astrophysical Implications of Planck Mass Particles 

The limiting speed of light eliminates the singularity problem of Einstein's equation that 
arises as the radius of a blackhole equals the Schwarzschild radius. General relativity with the 
singularity eliminated resolves the paradox of the infinite propagation velocity required for the 
gravitational force in order to explain why the angular momentum of objects orbiting a gravitating 
body does not increase due to the fmite propagation delay of the gravitational force according to 
special relativity [33j. \Vlien the gravitational potential energy densit>' of a massive body such as 
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a blackhole equals that of a particle having the Planck mass, the matter may transition to photons 
of the Planck mass. Even ligJbt.frOim a blackhole will escape whea the decay rate of the trapped 
matter with the concomitant spacetime expansion is greater than the effects of gravity which 
oppose this expansion. Gamma-ray bursts are the most energetic phenomenon known that can 
release an explosion of gamma rays packing 100 times more energy than a supernova explosion 
[34]. The aanihilation of a blackhole may be the source of v -ray bursts. The source may be due 
to conversion of matter to photons of the Planck mass/energy which may also give rise to cosmic 
rays which are the most energetic particles known, and their origin is also a mystery [35]. 
According to the GZK cutoff, the cosmic spectrum cannot extend beyond 5 X 10^^ eV , but 
AG AS A, the world's largest air shower array, has shown that the spectrum is extending beyond 
10'° eV without any clear sign of cutoff [36]. Photons, each of the Planck mass, may be the 
source of these inexplicably energetic cosmic rays. 

29. RELATIONSHIP OF MATTER TO ENERGY AND SPACETrME EXP.ANSION 

The Schwarzschild metric gives the relationship whereby matter causes relativistic 

corrections to spacetime. The limiting velocity c results in the contraction of spacetime due to 
particle production, which is given by 2nr^ where is the gravitational radius of the particle. 

This has implications for the expansion of spacetime when matter converts to energy. Q the 

mass/energy to expansion/contraction quotient of spacetime is given by the ratio of the mass of a 

particle at production divided by T, the period of production. 

Q-^-^:.— ^^--^ = 3.22X10^^ ^ (201) 

c CL 

c 

The gravitational equations with the equivalence of the particle production energies (Eq. (184)) 

permit the conservation of mass/energy {E^mc^) and spacetime (- — -" = 3.22X10^"^ — ). 

AnG sec 

With the conversion of 3.22 X \0^^ kg of matter to energy, spacetime expands by 1 sec. The 
photon has inertia! mass and angular momentum, but due to Maxwell's equations and the implicit 
special relativity it does not have a gravitational mass. The observed gravitational deflection of 
light is predicted [1]. 

29.1 Cosmological Consequences 

The Universe is closed {li h finite but with no boundary^. It is a 3-sphere Universe- 
Riemannian three dimensional hyperspace plus time of constant positive curvature at each r- 
sphere. The Universe is oscillatory in matter/energy and spacetime w-'ith a finite miuimum radius, 
the gravitational radius. Spacetime expands as mass is released as energy which provides the 
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basis of the atomic, theniiodynamic, and cosmological arrows of time. Different regions of space 
are isothermal even though they are separated by greater distances than that over which light 
could travel during the time of the expansion of the Universe [37]. Presently, stars and large scale 
structures exist which are older than the elapsed time of the present expansion as stellar, galaxy, 
and supercluster evolution occurred during the contraction phase [38-44]. The maximum power 
radiated by the Universe which occurs at the beginning of the expansion phase is 

= = 2.89 X 10^* W . Observations bevond the beginning of the expansion phase are not 

AnG 

possible since the Universe was entirely matter filled. 

29.2 The Period of Oscillation of the Universe Based on Closed Propagation of Light 

Mass/energy is conserved during harmonic expansion and contraction. The gravitational 
potential energy E^^^^ given by Eq. (195) with ~ is equal to m^JC^ w'hen the radius of the 

Universe r is the gravitational radius r^. The gravitational velocity (Eq. (197) with r = and 
- my) is the speed of light in a circular orbit wherein the eccentricity is equal to zero and the 
escape velocity from the Universe can never be reached. The period of the oscillation of the 
Universe and the period for light to transverse the Universe corresponding to the gravitational 
radius must be equal. The harmonic oscillation period, T , is 

^^2nr^^2j^ Jr:G[2XlO-ks) ^ ^ ^^^^^^ = 9.83 X 10" years (202) 

c c c 

where the mass of the Universe, niy, is approximately 2 X 10^** kg, (The initial mass of the 

Universe of 2 X 10'*^ kg is based on internal consistency with the size, age, Hubble constant, 

temperature, density of matter, and power spectrum.) Thus, the observed Universe will expand 

as mass is released as photons for 4.92 X 10^* years. At this point in its world line, the Universe 

will obtain its maximum size and begin to contract. 

30. THE DIFFERENTLVL EQUATION OF THE RADIUS OF THE UNFVEF^E 

Based on conservation of mass/energy [E-mc^) and spacetime ( = 3.22 X 10'** — ). 

AnG sec 

The Universe behaves as a simple harmonic oscillator having a restoring force, F, which is 
proportional to the radius. The proportionality constant, k, is given in terms of the potential 
energy, E, gained as the radius decreases from the maximum expansion to the minimum 
contraction. 

4 = k (203) 

Since the gravitational potential energy E^^^^. is equal to m^JC^ when the radius of the Universe r 
is the gravitational radius 
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Gnir 



(204) 



And, considering the oscillation, the differential equation of the radius of the Universe, K is 



m. 



^6 



fCm. 



V c 



0 



(205) 



The maximum radius of the Universe, the amplitude, r^, of the time harmonic variation in the 
radius of the Universe, is given by the quotient of the total mass of the Universe and Q ((Eq. 
(201)), the mass/energy to expansion/contraction quotient. 



m, 



47rC 



"^^^ = 1 .97 X 10" light years 



(206) 



AtiC 



The minimum radius which corresponds to the gravitational radius, r^, given by Eq. (177) 

= m^J 
IGm, 



with = my is 



= 2.96 X 10'-' m = 3.12 X 10" light years 



(207) 



When the radius of the Universe is the gravitational radius, r , the proper time is equal to the 
coordinate time by Eq. (182), and the gravitational escape velocit)' of the Universe is the 
speed of light. The radius of the Universe as a function of time as shown in Figure 14 is 
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The expansion/contraction rate, X, as shown in Figure 15 is given by time derivative of Eq. 
(208) 



K-4;rcX10"^ sin 



2m 
27iGm, 



k/n 

sec 



(209) 



31. THE HUBBLE CONSTANT 

km 

The Hubble constant is given by the ratio of the expansion rate given in units ot — divided 

sec 

by the radius of the expansion in Mpc , The radius of expansion is equivalent to the radius of the 
light sphere with an origin at the time point when the Universe stopped contracting and started 
to expand. 



42 



47rcX 10"' sin 



2m 



H 



InCm 



u 



sec 



t Mpc { Mpc 

For / ^ 10"^ light years ^3,069 X 10^ Mpc, the Flubble constant, H^, is 
km 



f/o - 78.6 



sec- Mpc 



The experimental value [45] as showi in Figure 16 is 
km 



FL -80 ±17 



sec- Mpc 
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(211) 
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32. THE DENSITY OF THE UiNTVERSE AS A FLTSC TION OF TIME 

The density of the Universe as a function of time Pu{t) given by the ratio of the mass as a 

fiinction of time and the volume as a function of time as shown in Figure 17 is 
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1 -f-cos 



2m 



27iGrn^ 
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C~7~ J 
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For / = light years , Py = \ .1 X \Q " g/cm^ The density of luminous matter of stars and gas 
of galaxies is about = 2 X 10'^' g/cm^ [46-47]. 



33. THE POWER OF THE UN'FVERSE AS A FUNCTION OF TIME, (t) 
From E = mc^ and Eq. (20 1 ), 



1 + cos 



2m 



(214) 



\ c J) 

For r=:10'° light years Py(r) = 2.88 X 10" W. The observed power is consistent with that 
predicted. 'ITie power of the Universe as a function of time is shown in Figure 1 8. 



34. TH E TE^O^ER\TUr<£ OF THE UNIATERSE AS A FUNCTION OF TIME 
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The temperaiure of the Universe as a function of time, T^\t), as shown in Figure 19, follows 
from the Stefan-Boltzmaan law. 



1 + 
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The calculated uniform temperature is about 2.7 K which is in agreement with the observed 
microwave background temperature [37]. 



35. POWER SPECTRUM OF THE COSMOS 

The power spectrum of the cosmos, as measured by the Las Campanas survey, generally 
follows the prediction of cold dark matter on the scales of 200 million to 600 million light-years. 
Howe\ er, the povver increases dramatically on scales of 600 million to 900 million light-years 
[44]. This discrepancy means that the universe is much more structured on those scales than 
current theories can explain. 

The universe is oscillatory in matter/energy and spacetime with a finite minimum radius. 
The minimum radius which corresponds to the gravitational radius, r^, given by Eq. (207) is 

3.J2X10'* lightyears. The minimum radius is larger than that provided by the current 
expansion, approximately 10 billion light years [45]. The universe is a four dimensional 
hyperspace of constant positive curvature at each r-sphere. The coordinates are spherical, and 
the space can be described as a series of spheres each of constant radius r whose centers coincide 
at the origin. The existence of the mass m^ causes the area of the spheres to be less than 4nr^ 

and causes the clock of each r-sphere to run so that it is no longer observed from other r-spheres 
to be at the same rate. The Schwarzschild metric given by Eq. (180) is the general fonn of the 
metric which allows for these effects. Consider the present observable universe that has 
undergone expansion for 10 billion years. The radius of the universe as a function of time from 
the coordinate r-sphere is of the same fonn as Eq. (208). The average size of the universe, r^, is 
given as the sum of the gravitational radius, r^, and the observed radius, 10 billion light years. 
-r^ + 10^° lightyrs--3A2XiO'' light yrs + lO''' light years = 322 X lO'' light yrs 

(216) 

The frequency of Eq. (208) is one half the amplitude of spacetime expansion from the conversion 
of the mass of universe into energy according to Eq. (201). Thus, keeping the same relationships, 
the frequency of the current expansion function is the reciprocal of one half the current age. 
Substitution of the average size of the universe, the frequency of expansion, and the amplitude of 
expansion, 10 billion light years, into Eq. (208) gives the radius of the universe as a function of 
time for the coordinate r-sphere. 
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X = 3.22 X 10" -1 X 10'° cosi 
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(217) 



5 X 10' light years ^ 

The Schwarzschild metric gives the relationship between the proper time and the coordinate 
time. The infinitesimal temporal displacement, dx^ , is given by Eq. (180). In the case that 
cir' = dO' = dip^' = 0, the relationship between the proper time and the coordinate time is 



dr = 



i-^V^ 

c'r J 



r 



(218) 



(219) 



The maximum power radiated by the universe is given by Eqs. (214) which occurs when the 
proper radius, the coordinate radius, and the gravitational radius are equal For the present 

universe, the coordinate radius is given by Eq. (216). The gravitational radius is given by Eq. 
(207). The maximum of the power spectrum of a trigonometric function occurs at its frequency 
[48]. Thus, the coordinate maximum power according to Eq. (217) occurs at 5 X 10^ light years. 

The maximum power corresponding to the proper time is given by the substitution of the 
coordinate radius, the gravitational radius r , and the coordinate power maximum into Eq. (219). 

The power maximum in the proper frame occurs at 



r = 5 X 10' light years 1 



3.12X10'* light years 



3.22 a: 10'* light years (220) 
r-880 X 10^ light years 
The power maximum of the current observable universe is predicted to occur on the scale of 
880X10^ light years. There is excellent agreement between the predicted value and the 
experimental value of 600 - 900 X 10^ light years [44]. 



36. THE EXJ\AiNSION/CONTR\CTION ACCELERATION, K 

The expansion/contraction acceleration rate, K, as shown in Figure 20, is given by the time 
derivative of Eq. (209). 
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The differential in the radius of the Universe, AK, due to its acceleration is given by 
AJ^ = l/2^<r. The differential in expanded radius for the elapsed time of expansion, 
r = {Q""^ light years corresponds to a decease in brightness of a supernovae standard candle of 
about an order of magnitude of that expected where the distance is taken as Af<, This result 
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based on the predicted rate of acceleration of the expansion is consistent with the experimental 
obsen^ation [49-51]. 

Furthermore, the microwave background radiation image obtained by the Boomerang 
telescope [52] is consistent with a Universe of nearly flat geometrv* since the commencement of 
its expansion. The data is consistent with a large offset radius of the Universe with a fractional 
increase in size since the commencement of expansion about 10 billion years ago. 

37. POWTR SPECTRUM OF THE COSMIC MICROWAVE BACKGROUTsD 

When the universe reaches the maximum radius corresponding to the maximum 
contribution of the amplitude, r^, of the time harmonic variation in the radius of the universe, 

(Eq. (206)), it is entirely radiation filled. Since the photon has no gravitational mass, the radiation 
is uniform. As energy converts into matter the pow'er of the universe may be considered negative 
for the first quarter cycle starting from the point of maximum expansion as given by Eq. (227), 
and spacetime contracts according to Eq. (201). The gravitational field from particle production 
travels as a light wave front. As the universe contracts to a minimum radius, the gravitational 
radius given by Eq. (207), constructive interference of the gravitational fields occurs for distances 
which are integers of the amplitude, r^, of the time harmonic variation in the radius of the 

universe for the times when the power is negative according to Eq. (227). The resulting slight 
variations in the density of matter are observed from our present r-sphere. The observed radius 
of expansion is equivalent to the radius of the light sphere wqth an origin at the time point when 
the universe stopped contracting and started to expand. The spherical hamionic parameter t is 
given by the ratio of the amplitude, r^, of the time harmonic variation in the radius of the 

universe, (Eq. (206)) divided by the present radius of the light sphere where the universe is a 3- 
sphere universe - Riemannian three dimensional hyperspace plus time of constant positive 
curvature at each r-sphere. For / ^ 10^° light years ^?>. 069 X Mpc, the fundamental P is 
given by 

2X\Q'' kg 

4;rG ^ E97X10^" light years ^ ^222) 
/ / 10^° light years 

The number of constructive interferences is given by the maximum integer of the ratio of the 
amplitude, r^, of the time harmonic variation in the radius of the universe, (Eq. (206)) divided by 

the minimum radius, the gravitational radius (Eq. (207)). The number of peaks are 
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2 X 10'' kg 

4nG ^ 1.97X10'-^ light years ^ ^ ^ _^ ^ ^^23) 



z^'HiL 3 J 2 X 1 0' ' light years 

The peaks are predicted to occur at the fundamental plus harmonics of the fundamental - integer 

nuiltiptes, n ~ 2,3,4,5, and 6, of the fundamental P ~191 . 

P. = 191 {fundamental) 

^ (224) 
^=197 + ^197 n = 2,1^ A. and 6 {hanrionics) 

From Eq. (224), the predicted harmonic parameters i are given in Table 2. 

The harmonic peaks correspond to the condition that the amplitude of the harmonic term 

of the radius of the universe rQ[n) is a reciprocal integer that of the maximum amplitude r^. 

Thus, r^[n) is given by 

2X10-' kg 

,^(,,) . ^ . 4;rG ^ L97 X 10'^ light years ^^25) 
n n n 

The power flow of radiant energy into mass decreases as the radius contracts, and the 
relative intensities of the peaks follow from the power flow. The relative intensities are given by 
the normalized power as a function of t{n), the time at which the magnitude of the amplitude of 
the harmonic term of the radius of the universe rQ{n) is given by Eq. (225) corresponding to each 
contracted radius at which constmctive interference occurs. Starting the clock at the point of the 
maximum expansion wherein the universe is entirely radiation filled and the CMB is uniform, the 
time at which the magnitude of the amplitude of the harmonic temi of the radius of the universe 
ro(n) is given by Eq. (225) follows from Eq. (208). 

r 1.97 XIO*' ^ ' ^ 



r^[n)^^ = ~ ^ = 1.97X10" cos 

n n 



2m{n) 



light years 

(226) 



\9.83 X 10" >Tsj 

, « 9.83 A- 10" ./n , J\\ 
t(n) = cos - yrs = 1.564 X 10 cos - yrs 

The power of the universe as a function of time is given by Eq. (214) and is shown in Figure 18. 
To e.xpress the negative power flow relative to the radiant energy of the universe corresponding 
to the conversion of energy into matter, the power of the universe as a function of time may be 
expressed as 

W 



Pnin- cos n 

4nG \9.S3 A' 10" yrs 

Py(0 = -2.9A' 10"co 



2m ^ 



9.83X10" yrs 



(227) 

W 



47 



where r-0 corresponds to the time when the universe reaches the maximum radius 
corresponding to the maximum contribution of the ampHtude, r^, of the time harmonic variation 

in the radius of the universe, (Eq. (206)). At / - 0 as defined, the universe is entirely radiation 

n 

filled, and the power into particle production is a maximum. At t ~ ~ according to 



9.83 X 10'^ >TS 

Eq. (227), particle production is in balance with matter to energy conversion, and the latter 
dominates for the following half cycle. 

The relative intensities are given by substitution of Eq. (226) into Eq. (227) that is 
nomialized by the magnitude of the maximum power which occurs at the maximum radius. Thus, 
the relative intensities are given by 

1^1.564 X 10^' cos'^j^-jyTsp 

9.83X10^' yrs 



I{n) ~ cos 



- (228) 
n 



The relative intensities I{n) as a function of peak n are given in Table 2. 

The cosmic microwave background radiation is an average temperature of 2.7 K, with 
deviations of 30 or so fiK in different parts of the sky representing slight variations in the 
density of matter. The measurements of the anisotropy in the Cosmic Microwave Background 
(CMB) have been measured with the Degree Angular Scale Interferometer (DASI) [53]. The 
angular power spectrum was measured in the range 100<^<900, and peaks in the power 
spectrum from the temperature fluctuations of the cosmic microwave background radiation 
appear at certain values of i of spherical harmonics. Peaks were observed at i 200, 550, 
and i = 800 with relative intensities of 1, 0.5, and 0.3, respectively [Figure 1 of ref. 53]. There is 
excellent agreement between the predicted parameters given in Table 2 and the obsen^ed peaks. 

38. THE PERIODS OF SPACETIME EXPANSIOiN/CONTRACTION AND PARTICLE 
DECAY/PROL oCTION FOR THE UNIVERSE ARE EQUAL 

The period of the expansion/contraction cycle of the radius of the Universe, T, is given by 
Eq. (202). It follows from the Poynting power theorem with spherical radiation that the 
transition lifetimes are given by the ratio of energy and the power of the transition (Eqs. (97-98)). 
Exponential decay applies to electromagnetic energy decay 

h(t) = i^\i{t) (229) 
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The coordinate time is imaginary because energy transitions are spacelike due spacetime 
expansion from matter to energy conversion. For example, the mass of the electron (a 
fundamental particle) is given by 

. — = la sec (2j0) 

where is Newtonian gravitational velocity (Eq. (172)). When the gravitational radius r is the 

radius of the Universe, the proper time is equal to the coordinate time by Eq. (182), and the 
gravitational escape velocit)' of the Universe is the speed of light. Replacement of the 

coordinate time, t, by the spacelike time, /r, gives 

271 



h{i) = R< 
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where the period is T (Eq. (202)). The continuity conditions based on the constant maximum 
speed of light (Maxwell's equations) are given by Eqs. (183-184). The continuity conditions 
based on the constant maximum speed of light (Schvvarzschild metric) are given by Eq. (185). 
The periods of spacetime expansion/contraction and particle decay/production for the Universe 
are equal because only the particles which satisfy MaxwelTs equations and the relationship 
between proper time and coordinate time imposed by the Schwarzschild metric may exist. 

39. WAVE EQUATION 

The general fomi of the light front wave equation is given by Eq. (164). The equation of the 
radius of the Universe, X, may be written as 



2G/?v cni^ 



4nC. 
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4nG 



cos 
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(232) 



which is a solution of the wave equation for a light wave front. 

40. CONCLUSION 

Maxwell's equations, Planck's equation, the de Broglie equation, Newton's laws, and special, 
and general relativity are unified. Classical physical laws apply on all scales. 
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Table L The calculated electric (per electron), magnetic (per 

electron), and ionization energies for some two-electron 
atoms. 



Atom 






Electric 


Magnetic 


Calculated 


Experime 






Energy*^ 


Energy*^ 


Ionization Ionization 












(eV) 


Energy*^ (eV) 


Energy 


He 


0, 


.567 


-23 


.96 


0 


.63 


24, 


.59 


24 


.59 


Lr 


0, 


,356 


-76 


.4 1 


2 


.54 


75, 


.56 


75 


.64 


Be'' 


0, 


,261 


-1 56 


.08 


6 


.42 


154, 


.48 


153 


.89 


B'' 


0, 


207 


-262 


.94 


12 


,96 


260, 


.35 


259 


.37 


c'* 


0, 


,171 


-396 


.98 


22 


.83 


393 


.18 


392 


.08 




0. 


,146 


-558 


.20 


36 


.74 


552 


.95 


552 


.06 




0 


,127 


-746 


.59 


55 


.35 


739, 


.67 


739 


.32 




0, 


1 13 


-962 


.17 


79 


.37 


953, 


,35 


953 


.89 



3 from Equation (136) 
b from Equation (138) 
^ from Equation (139) 
d from Equations (137) and (140) 



Table II. Predicted harmonic parameters P and relative intensities I{n) as 
a Function oF peak n. 



n 

1 197 1 

2 591 0.50 

3 788 0.33 

4 985 0.25 

5 1 182 0.20 

6 1379 0.17 



a Eq. (224) 
b Eq. (228) 



Figure Captions 

Figure 1. The orbitsphere is a two dimensional spherical shell with 
the Bohr radius of the hydrogen atom. 

Figure 2. The current pattern of the orbitsphere from the 
perspective of looking along the z-axis. The current and charge density 
are confined to two dimensions at r^^nr^. The corresponding charge 

density function is uniform. 

Figure 3. The orbital function modulates the constant (spin) 

function (shown for t = 0; cross-sectional view). 
Figure 4. Far field approximation. 

Figure 5. The magnetic field of an electron orbitsphere. 

Figure 6. Broadening of the spectral line due to the rise-time and 
shifting of the spectral line due to the radiative reaction. The resonant 
line shape has width F. The level shift is Aoj, 

Figure 7. The Cartesian coordinate system wherein the first great 
circle magnetic field line lies in the yz-plane, and the second great circle 
electric field line lies in the xz-plane is designated the photon orbitsphere 
reference frame of a photon orbitsphere. 

Figure 8. The field line pattern from the perspective of looking 
along the z-axis of a right-handed circularly polarized photon. 

4 

Figure 9. The electric field of a moving point charge (v^—c). 

Figure 10. The electric field lines of a right-handed circularly 
polarized photon orbitsphere as seen along the axis of propagation in the 
lab inertial reference frame as it passes a fixed point. 

Figure 11. The front view of the magnitude of the mass (charge) 
density function in the xy-plane of a free electron; side view of a free 
electron along the axis of propagation--z-axis. 

Figure 12. The experimental results for the elastic differential cross 
section for the elastic scattering of electrons by helium atoms and a Born 
approximation prediction. 

Figure 13. The closed form function (Eqs. (145) and (146)) for the 
elastic differential cross section for the elastic scattering of electrons by 
helium atoms. The scattering amplitude function, F(s) (Eq. (144), is 
shown as an insert. 
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Figure 14. 

Figure 15. 
function of time 

Figure 16. 

time. 

Figure 17. 

Figure 18. 

Figure 19. 



The radius of the universe as a function of time. 
The expansion/contraction rate of the universe as a 

The Ffubble constant of the universe as a function of 



The density of the universe as a function of time. 
The power of the universe as a function of time. 
The temperature of the universe as a function of time 
during the expansion phase. 

Figure 20. The differential expansion of the light sphere due to the 
acceleration of the expansion of the cosmos as a function of time. 
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The orbitsphere has zero thickness, 
It is a two-dimensional surface. 
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Fig. 19 
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